Abstract. We examined the influence of physicochemical variables on zooplankton, phytoplankton and macroinvertebrate community composition in a shallow dam, Manjirenji in Zimbabwe. And further explored the relations between selected water parameters on chlorophyll a production as a proxy for phytoplankton biomass in the non-vegetated littoral drawdown zone in comparison to the pelagic zone. We observed high similarity overlaps between some water parameters, and a uniform dominance pattern of zooplankton comprising of rotifers > copepods > cladocera in littoral and pelagic sites, though the dominance order for phytoplankton varied significantly between lake zones. Pollution sensitive macroinvertebrate families dominated in the non-littoral vegetated drawdown zone. Physicochemical variables account for low plankton (50.37%) and macroinvertebrates (59.59%) ecogeography suggesting the influence of latent (unexplored) environmental and biotic factors on plankton and macroinvertebrate community composition in this lake. There was no significant predictor factor among Secchi depth, total nitrogen, and total phosphorus towards chlorophyll a production in the Dam. Non-vegetation in littoral drawdown zones of the shallow turbid lake reduce habitat complexity conferring functional and structural similarity with the pelagic zone. There is a need to comprehend transitional nutrient and water hydrodynamics and their effects on aquatic biodiversity in shallow lakes.
Introduction
Shallow tropical lakes which are located in arid areas have extensive periods of low water levels intertwined with increased levels in the rain season (Antenucci et al., 2000) . Natural water level fluctuations have associated effects on the water quality and resident aquatic communities (Wantzen et al., 2008) , besides constantly shifting the drawdown zone. Though the effects of natural water level fluctuations on water quality and aquatic organisms are magnified if the dams have other non-seasonal water withdrawing activities present (Abrahams, 2008) . Water level fluctuations serve to promote high species diversity in littoral zones of shallow lakes and for doubling the productivity of these lakes thus projecting fish densities in water bodies (Antenucci et al., 2003; Kolding and van Zwieten, 2012) .
In shallow turbid lakes, spatial isolation, stochastic nutrient stoichiometry and water level fluctuations due to the constant shifting of the ecotone up and down the shoreline affects aquatic biodiversity (Wang et al., 2011; Kolding and van Zwieten, 2012) . For this exploratory study, we examined the effects of physicochemical variables on the community composition of phytoplankton, zooplankton and macroinvertebrates in different zones of a shallow lake, Manjirenji in Zimbabwe, which is prone to extreme water level fluctuations. This shallow lake is unique as it has a non-vegetated shoreline (Utete and Tsamba, 2016) . Regardless, we assumed that there were two alternative stable states in this shallow lake, largely adopting the alternative stable equilibria states framework by Scheffer et al. (1993) . The relatively deeper pelagic zone acts as the first equilibrium state which predominates at low nutrient concentrations, and is characterised by abundant macrophytes and clear water. This state is stabilised by high zooplankton grazing rates, low planktivorous and benthivorous fish abundances and high piscivorous fish abundances, and thus a low macroinvertebrate abundance (Scheffer et al., 1993 ). And we assumed the second state, which is characterised by abundant phytoplankton and turbid water at relatively high nutrient concentrations to be prevalent in the littoral zone. This turbid state is stabilised by light limitation due to algal blooms and has high macroinvertebrate densities. We also assumed that at intermediate (similar) nutrient levels, both alternative stable states can occur within a shallow lake. Scheffer et al. (1993) considers that within a given background of biotic conditions, abiotic interactions may strongly influence both function and community structure at different trophic levels, including the zooplankton. Thus in this study we hypothesised that: shallow lakes with non-vegetated shorelines, show no demarcation or dissimilarity for plankton and macroinvertebrate community composition, and physicochemical variables between the open deeper pelagic and shallow littoral sites. Conversely, we explored the suggestion that a continuum in shallow lakes and nonsignificant spatial isolation confers similarity in nutrient stoichiometry, thus, we envisage similarities in plankton and macroinvertebrate community composition (Quiros, 2003) .
Although most research on plankton and macroinvertebrates has focused on river reservoirs (transition from river to lake/reservoir) (Grzybkowska et al., 1990) , other reservoir studies have been limited to pre-and post-impoundment surveys or have been done on systems that have irregular drawdown patterns or low winter water levels that subject the benthos to freezing (Kolding and van Zwieten, 2012) . Few, or sparse studies have been conducted in shallow lakes with non-vegetated shorelines to explore the effect of stochasticity of nutrient stoichiometry on plankton and macroinvertebrates assemblages (Baldwin et al., 2008) . The objective of this study was to investigate the influence of physicochemical variables and abundance on phytoplankton, zooplankton and benthic macroinvertebrates community composition in the non-vegetated littoral drawdown zone relative to the pelagic zone of a turbid shallow dam, Manjirenji in Zimbabwe, with multiple designated uses
Materials and methods
We carried out this study in Manjirenji Dam located in Zimbabwe, constructed from 1964-67 with the primary aim of irrigating sugar cane estates in Mkwasine and Triangle in Zimbabwe (ZINWA, 2014). The lake's hydrological history and morphometry is shown in Table 1 . The Dam, a relatively shallow reservoir located in the located in the arid south eastern part of Zimbabwe is subject to wide water level fluctuations reaching a drastic 12.6% or 4.66 metres from an average of 24. 2 metres in November 2012, 18 .9% in September 2013 and increasing to just below 40% in January 2014 (ZINWA, 2014) . Though the main purpose for its construction was to supply irrigation water for the vast sugar cane producing Mkwasine Estates, other multiple designated uses comprising of domestic water abstraction, lakeshore irrigation, downstream wheat irrigation and small scheme hydroelectric power generation have subsequently evolved (Svubure et al., 2010; ZINWA, 2014) . We deliberately established ten non-vegetated littoral sites so as to cover as much as logistically possible the drawdown shoreline zone of the Manjirenji Dam, and chose seven pelagic sites as field controls (Figure 1) . We designated each site less than 2m deep as a littoral site, with all other sites deeper denoted as pelagic sites and sampled each site once per month from August 2013 to April 2014. 
Data collection

Assessment of physicochemical parameters
At each site we collected three replicate integrated water samples at a minimum depth of 0.5m using a 5L Ruttner sampler. All effort was made to take the three replicates at each site and to sample before mid-morning ie 1000hrs to ensure uniformity. In situ measurements of pH, conductivity, total dissolved solids, temperature, turbidity, dissolved oxygen and Secchi depth were done using a pH meter, Conductivity meter, Nephelometer, DO meter (HACH, LDO, Germany) and a Secchi disc. Nitrogen, nitrates, ammonia, sulphates total and reactive phosphorus were determined using standards methods from EPA, Hach and Standard Methods in the laboratory (APHA, 1995).
Assessment of phytoplankton and zooplankton
Phytoplankton were sampled using phytoplankton nets with a diameter of 40 cm and mesh sizes of 20µm, thus excluding picoplankton and nanoplankton. After collection, phytoplankton samples were preserved with Lugol's solution before transfer to the laboratory.
Zooplankton (cladocerans, copepods and large rotifers) were collected with a 12 L Schindler-Patalassampler (Vanni et al., 1997) . Three replicate samples were taken at each site in the pelagic and littoral zone of the lake. The samples from a given site were combined and filtered through a 62 µm mesh net, thus excluding picoplankton and nanoplankton, and preserved in 5% formaldehyde (final concentration). After collection and preservation the phytoplankton and zooplankton samples were transferred to the laboratory for identification and enumeration. Zooplankton were identified and enumerated following the standard Edmondson-Winberg method (1971 Needham and Needham (1962) . The drop count method (Trivedi and Goel, 1984) was used for the quantitative estimation of the phytoplankton and zooplankton.
Macroinvertebrate sampling
We used Surber samplers with an area of 0.916 m 2 to collect macroinvertebrates from sand and cobble samples in the littoral sites. Woody debris was sampled using forceps to pick organisms off submerged logs for 5 minutes. Surber samplers were used for 5 minute durations at each site. At each site we took a minimum of 5 Surber samples in order to collect a wider variety of macroinvertebrates. Drift net samplers were used to collect macroinvertebrates in the deeper pelagic sites. The drift nets were anchored at each pelagic site for 5 minutes to capture macroinvertebrates. Macroinvertebrate samples were separated from the water, mud and detritus, identified to family level following studies by Gerber and Gabriel (2002) , sorted and counted in the field.
Data analysis
For the purpose of this paper we did not analyse and discuss individual water quality parameters but the detailed water chemistry data are presented in the Appendix section. Spatial and temporal differences in physical chemical parameters were investigated using one way ANOVA at 5 % level of significance using Past 2.16 software (Hammer et al., 2001 ). Similarly, a Raup Crick cluster analysis to evaluate the similarities and dissimilarities of sites for environmental factors in both the pelagic and littoral zone was done in Past 2.16 (Hammer et al., 2001 ). We organized the paper along parameters that show great similarity and dissimilarities between sampling sites and exploited the effects of documented water parameters comprising of Secchi depth, total nitrogen (TN), total phosphorus (TP) on chlorophyll a levels. A multiple regression statistical approach was used to elucidate the relationships between Secchi depth TP, TN vs chlorophyll a as a proxy for phytoplankton biomass in the non-vegetated littoral drawdown zone in comparison to the pelagic zone of the turbid shallow dam, Manjirenji in Zimbabwe.
The density of zooplankton and phytoplankton was calculated using the formula by as stated below:
The densities calculated were then used to compute the diversity indices. Zooplankton and phytoplankton diversities were calculated using Past 2.16 (Hammer et al., 2001 ). Shannon Wiener index, evenness, and dominance indices were used for the study as a measure of plankton diversity. Species richness was measured as the total number of zooplankton and phytoplankton species in a particular zone and the detailed results are shown in the Appendix section. The relationship between phytoplankton and zooplankton diversity and environmental factors was investigated using the Canonical Correlation Analysis following the study of Sharma and Sharma (2012) 
Results
Physicochemical parameters
The full set of water quality parameters is shown in the Appendix section. There were no significant differences (Anova, p > 0.05) of pH at different sites in the littoral zone. There were significant differences of pH in the pelagic zone, for example site P6 in the pelagic zone differed significantly from sites P2 and P5. Whilst, we detected no significant differences of DO concentrations in the pelagic sites sampled, DO concentration in some sites in the littoral zones such as L2, L4 and L9 differed significantly from sites L8 and L6. We detected no significant variations of TDS values at all the littoral and pelagic sites. However, there were significant differences in the levels of suspended solids (SS) recorded between sites in both the littoral and pelagic zones. For instance in the pelagic zone, the levels of suspended solids at site P6 differed from SS values at P2, P4 and P7. The mean Secchi depth was relatively consistent among littoral sites and did not differ significantly (Anova, p>0.05) in the littoral sites of the Manjirenji Dam. However, the mean Secchi depth differed significantly among pelagic sites in the Manjirenji Dam.
We recorded significant variations in total phosphate concentrations among sites in the littoral zone. There were no significant variations in nitrate concentrations among sampling sites in the pelagic zone, though we recorded significant variations in nitrate concentrations among littoral sites. Significant variations in TN concentration were recorded among sites in the pelagic zone, and between site L6 and sites L8 and L9 in the littoral zone of the Manjirenji Dam. Though we recorded no significant differences in EC values among sites in the pelagic zone , the EC values at some littoral sites differed significantly. For instance EC values at site L8 differed significantly from L2 and L6, whilst EC values at sites L1 and L4 differed significantly from site L9 and L10 respectively. We recorded no significant differences in ammonia concentrations across all pelagic and littoral sites. There were significant variations in turbidity among littoral sites, for instance turbidity values at site L7 differed significantly from those recorded at L1 and L3. 
Phytoplankton community
Phytoplankton community in Manjirenji Dam comprised of diatoms, chlorophytes, cyanophytes, desmids and euglenophytes. Unknown filamentous algae were grouped in an unspecified group termed 'other groups' in this study. Diatoms consisted of 9 taxa with 10 species. The order of dominance for phytoplankton in the littoral zone comprised of diatoms (73.5%) > cyanophyta (10.1%) > chlorophyta (8.8%). Euglenophytes (3.8%), desmids (2%) and the other group (1.8%) were present in smaller quantities. The pelagic zone was also dominated by diatoms (57%) followed by euglenophyta (23.4%) and chlorophyta (17.2%). Cyanophytes (1.8%), desmids (0.1%) and the other group (0.5%) were present in lower quantities. Five taxa of diatoms were recorded in both the pelagic and littoral zone and they also recurred in all the sampling months. These were Tetraedon regulare, Diatoma, Synedra, Fragillaria and Cymbella. The scatter diagram for phytoplankton dominance reflects overall dominance for diatoms, cyanophyta and desmids in the littoral zone of the Manjirenji Dam (Figure 3) Diatoma were evenly distributed in both the littoral and pelagic zones and were characterised by low dominance. Although diatoma had high diversity index values, they were surpassed by chlorophyta which was the most diverse group in the littoral zone with a Shannon index of 1.58±0.3 (Appendix E). Cyanophytes were the most diverse group in the pelagic zone with a Shannon index of 1.58±0.18 (Appendix E). Cyanophytes had a low dominance and higher evenness in both the littoral and pelagic zones (Appendix E). They were more diverse in the pelagic zone than in the littoral zone. Chlorophytes were more diverse in the littoral zone than in the pelagic zone, and were more evenly distributed in the littoral zone than in the pelagic zone and had low dominance in the littoral zone than in the pelagic zone (Appendix E).
We used chlorophyll a as a proxy for phytoplankton biomass in the Manjirenji Dam following Carlson (1977) . There were no significant correlations (p > 0.05; Spearman test) among the Secchi depth, TN, TP and chlorophyll a for littoral sites. However, chlorophyll a was significantly correlated to TN in the pelagic zone. High R values (.> 0.60) in the pelagic zone indicate a strong relationship among the Secchi depth, TN, TP and chlorophyll a in the pelagic zone ( Table 2) . Multiple regression indicates no significant predictor factor (p < 0.05) among Secchi depth, TN, TP towards chlorophyll a production in both littoral and pelagic zones in 18 Species richness of zooplankton was 14±2 (mean ± standard deviation) and 11±2 for the littoral and pelagic zones respectively (Appendix F). The abundance of zooplankton followed a distinct pattern over the sampling period which consisted of Rotifer > Copepod > Cladocera for both littoral and pelagic sites. Although rotifers were dominant in the littoral and pelagic zones numerically, their diversity in the littoral zone was the lowest among the three groups. Rotifers were however, the most diverse group in the pelagic zone (Appendix F). Copepods and cladocerans were more diverse in the littoral zone than in the pelagic zone. The cladocerans however, were more dominant and also more evenly distributed in the pelagic zone than copepods and rotifers (Appendix F). Rotifers were characterised by higher dominance and lower evenness in the littoral zone and exhibited opposite traits in the pelagic zone. Whilst copepods had low dominance in the littoral zone but were evenly distributed in both the littoral and pelagic zone (Appendix F).
Pair of variables Spearman R (L) P level (L) Spearman R (P) P level (P)
Canonical Correspondence Analysis (CCA) reflect that physicochemical variables accounted for up to 50.37% of the variation in phytoplankton and zooplankton abundance and distribution in the Manjirenji Dam ( Figure 5) . Temperature, turbidity and nitrate concentrations positively influenced abundance and distribution rotifers and chlorophytes particularly in the littoral sites ( Figure 5 ). Electrical conductivity, total dissolved solids and dissolved oxygen levels positively influenced the abundance and distribution of diatoms and cladocera in the pelagic sites and at littoral sites near the dam wall. Copepods and euglenophytes were positively influenced by sulphur concentrations in the pelagic sites ( Figure 5 ). However, there was no environmental variable positively associated with zooplankton and phytoplankton at some littoral and pelagic sites like L1. L2. L4, L7, L8, L10, P3 and P4 ( Figure 5 ).
Macroinvertebrate community
A total of 242 macroinvertebrates belonging to 25 families were recorded in the 10 littoral shorelines sites of the Manjirenji Dam. We recorded a very low number (7) of macroinvertebrates in the pelagic sites to be useful for inclusion in this research. The most dominant taxa with dominance index > 0.50 were the Notoneumoridae, Belostomatidae, Hydropsychidae, Hydrophilidae, Sphaeridae, and Pyralidae. Physicochemical variables explained 59.59% of the variation in macroinvertebrates at the ten littoral sites sampled. Total dissolved solids, dissolved oxygen concentrations, electrical conductivity were positively associated with the occurrence and abundance of the Dytiscidae, Elmidae and Helodidae. Nitrate and total phosphorus concentrations positively influenced the distribution of the Hydrophilidae, Physidae, Belostomatidae, Ancylidae, Pyralidae, Lubellidae, Cordullidae, and Sphaeridae. Ammonia concentrations in the littoral zone positively influenced abundance of pollution tolerant macroinvertebrate families such as Chironomidae, Corixidae, Aeshnidae, and Hydrophilidae ( Figure 6) 
Discussion
The main objectives of this paper were to determine the influence of physicochemical variables on phytoplankton, zooplankton and macroinvertebrate community composition in a shallow dam, Manjirenji in Zimbabwe. And to explore the relations between selected water parameters on chlorophyll a production as a proxy for phytoplankton biomass in the non-vegetated littoral drawdown zone in comparison to the pelagic zone. Our hypothesis was that: shallow lakes with non-vegetated shorelines, show no demarcation or dissimilarity for plankton and macroinvertebrate community composition, and physicochemical variables between the open deeper pelagic and shallow littoral sites.
Physicochemical parameters
Despite subtle differences in physicochemical parameters in both lake zones, the Raup Crick cluster analysis computation of site similarity shows no clear distinction for most physical/ chemical parameters between pelagic and littoral sites as evidenced in the extensive inter-site dichotomy above the 0.95 similarity level characterised by numerous branching off of sites. This reflects insignificant loss or gain of nutrients in the pelagic system, an observation attributable to intense sediment -water contact, which ensures a rapid reflux and resuspension of most sedimentated nutrients into the open pelagic system (Sheffer, 1998). Moreso, the non-significant spatial differences in water quality parameters indicate the high connectivity between different zones in shallow lentic systems facilitating longitudinal, vertical and lateral exchanges of water and materials (Scheffer and van Nes, 2007) . Distinct dissimilarities among littoral sites for nutrients such as nitrates, phosphorus and sulphates reflect intrinsic site specific hydrochemical, hydraulic, and morphometric variations (Dierberg, 1992) . As well nonvegetation of both the pelagic and littoral zone, cannot be discounted as a key latent factor driving lateral and vertical nutrient dispersion in this shallow lake, as submerged and emergent macrophytes tend to play crucial roles in either absorbing or releasing nutrients, and through indirect control of redox conditions in aquatic systems (Wetzel, 2001 ). Thus for a non-vegetated shallow lake, a host of interacting abiotic and biotic factors may impact nutrient stochasticity.
Phytoplankton community composition and chlorophyll a production
Significant spatial heterogeneity of phytoplankton community in the Manjirenji Dam, reflect an integral site specific uniqueness, spatial isolation, and its concomitant influence on consequent dominant biota (Nowlin et Since physicochemical variables explain 50.37% of plankton abundance and ecogeography in the dam, it suggests the limited influence of nutrient stochasticity on plankton community composition (George et al., 2012) . Moreso it indicates a gap in this study which excluded vital site specific factors such as light intensity, tidal flushing, grazing pressure (Phlips et al., 2002) , drawdown landscape disturbance, sedimentation rates and lake level fluctuations (Wang et al., 2011) , which can influence plankton communities in shallow water habitats. We do not exclude the impact of water level fluctuations on algal biomass in shallow lakes, although we did not utilise information on them due to lack of supporting water extraction data and hydrological water flow regime for the dam during the study period. . This means that about 83 per cent of the whole water volume of the dam could be released per day as 2730 x 3600 s x 24 h = 234 x10**6 m 3 = 83% of 285 x 10**6 m 3 . Therefore, the theoretical implications, are that water abstraction and extraction dynamics, affect the water level fluctuations in this shallow dam. How the water level fluctuations affect nutrient stoichiometry and aquatic biodiversity needs further exploration. Suggestions of bathymetrical measurements to determine thermal stratification and infer its influence on phytoplankton community composition, though, prudent, were hampered by the high operating cost, inefficiency, and inapplicability to shallow waters (Zhang et al., 2012) .
Regional differences in the relative importance of light and nutrient availability strongly influence spatial and temporal patterns observed in the abundance and composition of phytoplankton in several shallow water bodies (Phlips et al., 1995a ; Philps et al., 1997; Sheffer, 1998). Contrastingly, our study observed no significant spatial heterogeneous correlation between water transparency and chlorophyll a concentration. We envisage that the non-vegetation of the littoral drawdown zone and the lack of substantial macrophyte cover in the pelagic zone provide no inhibition to light penetration across the Manjirenji Dam. Despite previous studies on this dam showing a clear absence of shoreline macrophytes, with a muddy drawdown zone devoid of vegetation and an open deep pelagic zone (Utete and Tsamba, 2016), the extended drawdown zone and the shallow littoral sites, dissuaded us from using light climate in predicting photosynthesis and the distribution and development of phytoplankton. The recorded Secchi depth was very low (similar to the euphotic depth), which increase downward attenuation coefficient, surface reflectance or bottom reflectance (Utete and Tsamba, 2016), thus, limiting the influence of light dynamics on phytoplankton community.
The uniform non-algal turbidity values recorded among sites in both the pelagic and littoral zone, reflect uniformity of distribution of nutrients, and further suggests the crucial role of sediment resuspension on phytoplankton abundance and community composition in shallow tropical lakes (Bachmann et al., 2010) . Sedimentation of cells is a major factor in the dynamics of pelagic phytoplankton (chiefly diatoms) because diatoms dominated in pelagic and littoral zone sites of Manjirenji Dam. In their study of Lake Apopka, a shallow lake, Schelske et al. (1995) and Bachmann et al., 2010 , noted that the abundance of diatoms was positively correlated to wind because of resuspension of tripton and meroplankton in sediments. This may explain the high frequency of recurrence of diatoms in the shallow Manjirenji Dam, as the non-vegetated littoral zone provides no hindrance to wind mixing across the dam, which can further enhance pelagic diatom abundances through sediment resuspension and desorption. We observed algal blooms at some littoral sites which reflect localised pollution, nutrient upwelling, periodic flushing in drawdown zones and pulse release from sediments processes which are significant determinants of nutrient stoichiometry in the littoral zones in shallow lakes (Dierberg, 1992; Paerl and Huisman, 2008) .
Our study show that chlorophyll a is strongly related to total nitrogen concentration in the Manjirenji Dam, though a strong correlation between total nitrogen and chlorophyll-a (bottom-up control) in the pelagic zone shows eutrophication chlorophyll a concentration, as reflected by distinct predictive powers of the multiple regression equations we derived. In as much, several studies estimate primary production in lakes integrating chlorophyll a concentrations as a proxy for phytoplankton biomass (standing crop) and trophic state (Carlson, 1977) . Needless to say there is extended debate over whether nitrogen (N) or phosphorus (P) is the nutrient that ultimately determines productivity in tropical shallow lakes (Schindler, 1977; Vollenweider and Kerekes, 1980; Reynolds, 1999; Lewis and Wurtsbaugh, 2008; Sterner, 2008; Tendaupenyu, 2012) . Although the nature of limiting factors can vary spatially and temporally within individual lakes (Piontkovski et al., 1995), the dissimilarity in nitrogen and phosphorus concentrations we recorded among pelagic and littoral sites in tandem with a lack of a significant predictor variable among Secchi depth, TN, TP towards chlorophyll a production in Manjirenji Dam, reflect the complex interplay of internal mechanisms and influence of external forces on nutrient stoichiometry in lakes (Wetzel, 2001 ). Rather than a single nutrient determining lake productivity, the limiting nutrient in a lake may vary spatially, trophically and seasonally (Quiros, 2003) . Complex multiple regressory and curvilinear relationships among chlorophyll a, total phosphorus, total nitrogen and water transparency have been shown for many lake data sets, though there exists a tangential rudimentary understanding of the factors that determine TP-TN and TP-Chl a sigmoid patterns (Kolzau et al., 2014) . McCauley et al. (1989) recommends for an elucidation of the underlying biological mechanisms that produce the nonlinear response with TN and TP. Furthermore, Watson et al. (1992) suggested that non-linearity reflects an underlying systematic variation in the biomass of functional algal groups. To obtain an insight into how factors like lake depth, flushing, resuspension, grazing interact with nutrient dynamics in determining algal biomass it is prudent to go the empirical regression approach and in future studies analyse algal growth in a more mechanistic way for shallow lakes such as the Manjirenji.
Zooplankton community composition
Zooplankton dominance analysis show rotifer dominance in the littoral zone, whilst copepods and cladocera dominate in the pelagic sites. Individual taxon versus nutrient analysis was impossible due to the low number of samples we obtained at some sites. However, canonical correspondence analysis indicate that some zooplankton taxa resonate positively with some environmental variable in particular sections of the lake. As the different spatial zones in the shallow Manjirenji Dam share the same water source, geology and history, and appear to be interconnected (reducing chance effects of dispersal with colonisation), differences in zooplankton community structure can be attributed to local biotic and abiotic interactions. Moreso partial explanation of zooplankton abundance and ecogeography by spatial and environmental variable heterogeneity offers insights into the potential effects of factors (we excluded in this study) such as substrate type, sediment-recolonisation (Nhiwatiwa and Marshall, 2010) , feeding apparatus adaptations, fish predation pressure (Soares et al., 2010 ) and the drawdown zone extent (Zohary and Ostrovsky, 2011) and retraction (Wetzel, 2001) , in structuring plankton communities in the shallow littoral zones of the Manjirenji Dam. A more explicit consideration of the biologically active resource pools to heterotrophic and autotrophic elements of both phytoplankton and zooplanktonic systems is integral towards a flexible and mechanistic understanding of aquatic ecosystem response to a range of potential environmental changes (Beaver and Havens, 1996 
Potential interactions between phytoplankton and zooplankton
Strong interactive relationships exist between phytoplankton and zooplankton as the main systematic groups of zooplankton including many taxa, feed on phytoplankton. Selective grazing by zooplankton is an important factor affecting the structure of phytoplankton communities (Scheffer and van Nes, 2007) . Reciprocally, phytoplankton structure also influences the taxonomic composition and dominance of the zooplankton. For instance grazing by cladocerans creates a selective pressure on the phytoplankton community, causing elimination of organisms that do not exceed a precisely defined size (Jeppesen et al., 2002) . Predatory copepods influence phytoplankton composition as they target lager sized phytoplankton, whereas nanoplanktonic algae increase in abundance.
For this study copepods and cladocera dominated in the pelagic sites, explaining the significant spatial variation in phytoplankton dominance, as rotifers which are filter feeders dominate the littoral sites. Hence large sized algal species like diatoms, cyanophyta and chlorophyta were dominant in the littoral zone. However, even smaller sized algal species were present in the littoral zone indicating that algal species which are resistant to grazing and predation are more likely to survive, but also can make filter feeding more difficult (Kozak and Gołdyn, 2004 ). Because of the constant feeding pressure of zooplankton on phytoplankton, the more resistant algae may become more and more abundant during the growing season. This, in combination with the pressure exerted by fish on large-sized zooplankton, results in the restructuring of the community of zooplankton towards the dominance of small-sized organisms resistant to disturbances and trophic interactions.
The domination of small species in the zooplankton community can be associated with fish predation pressure and by the negative influence of cyanophyta or cyanobacteria morphological complexity (Kozak and Gołdyn, 2004) . Cyanobacteria was abundant throughout the study period and when their numbers exceed a threshold value, they exert a negative influence on the feeding, development and abundance of large cladocerans. Also, cyanobacterial filaments make their foraging difficult (they block the closing of the carapace), so these algae can influence the decline of the cladoceran community. Thus for our study we observed high diversities in rotifers and cyanobacteria in the littoral zone, where there is localised pollution. Though largersized cladocerans (mainly Daphnia spp.) were quite abundant in the littoral zone and according to Meijer, 2000 , in some conditions, they can contribute to the low level of phytoplankton biomass despite a high trophic state of the water. This suggests competitive (biotic) displacement of rotifers from the pelagic zone, with resource partitioning between copepods and cladocera in the pelagic zone. An important consideration would be to determine the ratio of the large filter-feeders in zooplankton community and their distribution across a shallow lake. Moreso, future studies must explore the effect of predation pressure, competition between zooplankton and the importance of filter-feeders in both the littoral and pelagic zone of this shallow lake.
Macroinvertebrate community
Pollution sensitive macroinvertebrate families dominated the benthic macroinvertebrate community in littoral sites in the Manjirenji Dam as they mostly favour gravel beds or live under aquatic vegetation (Geber and Gabriel, 2002 (Wetzel and Likens, 2000) . It implores for further process based studies to better understand causal mechanisms underlying the observed low influence of physicochemical variables on macroinvertebrate abundance in both the littoral drawdown zone and pelagic sites of this shallow dam.
Conservation implications for shallow water lakes
High overlap and similarity for plankton, macroinvertebrates and physicochemical variables for shallow lakes indicate a modicum to suggest that non-vegetation or reduction of macrophyte beds in the littoral drawdown zone reduces habitat complexity (i.e., surface area, niche availability) allowing unhindered nutrient reflux, circulation and enhancing connectivity with the pelagic zone. Thus, a significant consideration for shallow lakes such as Manjirenji with marked drawdown zones, is the complexity in site selection owing to repeated water level fluctuations, which rapidly turn previously littoral sites into pelagic sites upon inundation, and vice versa upon withdrawal. This force rubric horizontal differences and similarities in nutrient stoichiometry, phytoplankton and zooplankton composition. We suggest that the shallowness of the lake, and the lack of emergent and submerged macrophytes induce hydrodynamic instability and inflexible nutrient stochasticity across the entire dam, thus conferring similarity upon physicochemical parameters in turn distorting the alternative stable equilibria among zooplankton, phytoplankton and macroinvertebrate communities. Hence the functional and habitat similarities between the pelagic and non-vegetated littoral zones. Understanding the transitional nutrient and water transparency dynamics is key to predicting the consequences of management strategies that alter nutrient stoichiometry and the translative effects on aquatic biota within shallow lake ecosystems. http 
